Unidentified infrared bands (UIBs) have been observed in virtually every dusty astrophysical environment investigated. The UIB carrier must be abundant and ubiquitous. Strong evidence points to polycyclic aromatic hydrocarbons as likely candidates, but the identification is not complete. Additional diagnostics are needed to further constrain the UIB carrier, such as probing excitation sources ranging from UV-strong to UV-weak to determine the ''band gap'' of the UIB carrier. Observations and models suggest that the UIBs can be found in sources with weak UV fields. To that end, we present new results of observing the 3.3 m spectral region in six stars embedded in reflection nebulae and in six Vega-like stars. These objects have effective temperatures ranging from 3500 to 12,000 K. Their environments include dust that should be relatively unprocessed (reflection nebulae) and dust that has most likely undergone significant processing (Vega-like) by the embedded illumination source. Together with data from the literature, we have a sample of 27 sight lines. Our analysis suggests that neither the strength of the UV field impinging on the dust nor the effective temperature of the star is the determining factor in whether the 3.3 m UIB emission is present in an object. We found three detections of the 3.3 m emission band, one in a Vega-type object, one in a Herbig Ae/Be object, and one in a reflection nebula, and all with disks. The role of disk geometry is likely to be important in revealing or obscuring the photodissociation regions from which the UIB emission arises.
INTRODUCTION
The unidentified infrared bands (UIBs), at 3. 3, 6.2, 7.7, 8.6, 11.3, and 12 .7 m, are the most prominent features in the nearinfrared (NIR). They appear in spectra of the Galactic disk and high-latitude cirrus clouds (Matilla et al. 1996; Lemke et al. 1998 ) and other galaxies, including starburst galaxies (Roche 1989; Genzel & Cesarsky 2000) , and in a wide range of astrophysical objects, such as reflection nebulae (NGC 7023), planetary nebulae, dark clouds, and photodissociation regions such as the Orion Nebula (Sellgren et al. 1990b) . Discovered in the 1970s (Gillett et al. 1973; Soifer et al. 1976; Russell et al. 1977 ), today they have been observed to be present in most UV-rich astrophysical environments. The proposed carriers of the UIBs include polycyclic aromatic hydrocarbon (PAH) molecules (Leger & Puget 1984; Allamandola et al. 1985) and grains containing PAHs (Duley & Williams 1989; Leger & Puget 1984) . Previous observations show that UIBs occur in environments with moderate to high UV-excitation conditions, however, few UVpoor objects have been observed as a way to determine the lower limit for excitation of the UIB at 3.3 m.
UIB spectra can be split into two groups, those seen in interstellar dust (A-type) and those that are observed in circumstellar dust (B-type) (Geballe 1997; Tokunaga 1997) . Class A-type UIBs, which include somewhat narrow, emission features at 3. 3, 6.2, 7.7, 8.7, 11.3, and 12 .7 m, are often observed in UV-rich sources. Most UIB spectra appear to fall under Class A, having been observed in reflection nebulae, planetary nebulae, H ii regions, starburst galaxies, and even the diffuse interstellar medium (ISM). Class B-type UIBs, which include narrow emission features at 3.3, 6.2, and 6.9 m and broad emission bumps at 3.4, 8, and 12 m (Geballe 1997; Tokunaga 1997) , have been found in circumstellar dust illuminated by F-and G-type postasymptotic giant branch (AGB) stars forming planetary nebulae (Uchida et al. 2000; Geballe et al. 1992) . In addition to spectra in these classes, another very small group of objects exhibits a unique pattern of features between 3.3 and 4 m. Van Kerckhoven et al. (2002) observed features at 3.3, 3.43, and 3.53 m in the star Elias 1 (A0-6), embedded in the reflection nebula IC 359 in the TaurusAuriga complex (Elias 1978) . They attributed the 3.53 m feature to the presence of nanodiamonds in the circumstellar material. This unusual grouping has only been observed in two other objects, HD 97048, an A0pshe Herbig Ae/Be, and HR 4049, a B9.5 Ib-II star evolving into a protoplanetary nebula.
The central question that motivated our observations was whether the 3.3 m UIB can be detected in weak UV field environments illuminated by stars with low T eff . This relates directly to the UV-absorption characteristics of the UIB carrier. Models of PAH emission, building from extensive PAH laboratory work, suggest that a wide variety of PAHs may exist in dusty environments, with a typical size of 20-50 C atoms (Geballe et al. 1989 ) (possibly larger) and absorption cross-sections dependent on size, molecular weight, and whether they are free flying or incorporated into grains Tielens 1993; Schutte et al. 1993; Cook & Saykally 1998; Bakes et al. 2001; Li & Draine 2001) . No firm UV-absorption cutoff has been established for astronomical PAHs, nor has observational evidence of PAH absorption in the UV been found (Clayton et al. 2003) , but laboratory evidence suggests little absorption in the visible (Sellgren 2001) . One might expect, therefore, to observe a relationship between the presence of the 3.3 m UIB and the environment (interstellar vs. circumstellar), specifically with respect to the UV radiation field illuminating the dust.
It has been suggested that strong UV fields leave interstellar PAHs mostly neutral and positively charged, but weak UV fields are predicted to leave PAHs neutral or negatively charged (Bakes & Tielens 1994 , 1998 Salama et al. 1996; Dartois & d'Hendecourt 1997) . Variations in the width of the 3.3 m feature have been observed among different objects, such as in Orion (Sellgren et al. 1990b) , the reflection nebula NGC 7023, the planetary nebula (with a WC nucleus) IRAS 21282+5050 (Nagata et al. 1988) , and toward the central star of the bipolar nebula HD 44179. However, Sellgren et al. (1990b) conclude that no dependence of width on UV field is evident. Sellgren et al. (1996) found the equivalent width of the 3.3 m UIB in reflection nebulae to be independent of T eff . Their coolest 3.3 m detections were for the nebula vdB 10 around HD 20041 (an A0 Ia-type star, T eff = 9400 K) and vdB 133 around HD 195593 (A+B) (an F5 Iab and a B7 II-binary, T eff = 6800 + 12,000 K). Uchida et al. (2000) saw no spectroscopic differences among UIBs observed from 5-15 m for sources with T eff ranging from 3600-19,000 K. The binary HD 195593 (A+B) illuminating vdB 133, is thought to be unique. Uchida et al. (1998) note that vdB 133 is illuminated by the lowest ratio of UV to total flux of any nebulae observed to have the UIBs above 5 m. This led Li & Draine (2002) to suggest that UV photons are not required to excite UIB emission. See Figure 1 .
In this paper we present new observations of vdB 133 and 11 other objects, chosen to cover both class A and B-type sources with stars ranging from 3500-11,000 K to probe the dependence of the 3.3 m emission feature on UV radiation field. Section 2 describes the data reduction, and in x 3 we discuss the results and present our conclusions.
OBSERVATIONS AND DATA REDUCTION
The sample stars, listed in Table 1 , were observed from 1.9-4.2 m with SpeX at the 3.0 m NASA Infrared Telescope Facility (IRTF) on Mauna Kea on 2002 August 28-30 and September 2. Spectra of 12 targets were obtained with SpeX in the cross-dispersed mode using a 0B8 ; 15 00 slit size, oriented north-south, with a spectral resolution of R % 950. The data were obtained by nodding the telescope in the pattern on-target, off, off, on-target, with a typical total integration time of 100 s acquired using two cycles and five co-adds. Each target was observed three times, each bracketed by observations of a G-type main-sequence star to accurately remove telluric lines. For each pointing, flats were taken using an IR lamp (1200 K) and arcs with an argon lamp, to be used later for wavelength calibration.
Data reduction of the target and G stars was accomplished through the use of the package SPEXTOOL (Cushing et al. 2004; Vacca et al. 2003) . It was used to remove the sky background, calibrate, and extract the aperture of each on-off object pair, after which the pairs were summed together. Individual observations of the same object were co-added. The target spectra were then divided by the G stars observed at the same air mass and the result multiplied by a blackbody of appropriate temperature so that the absolute flux level of the target is preserved. The reduced spectra are plotted in Figure 2 .
Of the detections in our sample, two are mid A-type stars, Elias 1 and HD 169142, and one is classified as a G0 V star, HD 34700. Van Kerckhoven et al. (2002) observed Elias 1 and Kraemer et al. (2002) observed HD 34700, both using the ISO Fig. 1. -Model-predicted IR emission spectra for PAHs in the moderate UV environment of vdB 133 in comparison with the ISOCAM (triangles) spectrum (Li & Draine 2002; Uchida et al. 1998) . A lognormal size distribution characterized by three parameters, a 0 and and b C was adopted which determine the peak location, the width of the lognormal distribution, and the total amount of C atoms (relative to H) in the PAHs. The calculations were done for three ratios of U 0 (the ratio of the 912 8-1 m energy density relative to the value for the Mathis et al. 1983 solar neighborhood interstellar radiation field) to electron density. (1996) . There is one star (HD 169142) in common between the samples, which are listed in Table 2 . In addition to the 3.3 m emission, one object, Elias 1, shows emission features at 3.43 and 3.53 m, attributed to H-terminated diamond surfaces (Guillois et al. 1999; Van Kerckhoven et al. 2002) .
The illumination of vdB 133 by HD 195593 (A+B) is very interesting with respect to the subject of UIB excitation. In spite of the presence of a B7 II star in the binary, it can be shown (Kurucz 1992) to emit only %16% of its total luminosity shortward of 240 nm (Uchida et al. 2000) and %21% shortward of 400 nm. We did not detect the 3.3 m UIB feature in vdB 133 within 15 00 north /south of the star using IRTF, and it was not detected by Vandenbussche et al. (2002) using the ISO SWS to create an atlas of near-infrared stellar spectra (Fig. 2) . However, Sellgren et al. (1996) detected the 3.3 m UIB at the star using a 19B6 diameter aperture and indicated a weak feature detection at an offset of 30 00 east 30 00 west from the central star using the same aperture. Li & Draine (2002) predict that the 3.3 m UIB should be seen in vdB 133. This is shown in Figure 1 . They suggest that even in regions ''devoid'' of UV photons, a PAH with 100 carbon atoms should be excited by a 500 nm photon and emit strongly in the UIR bands between 6.2 and 11.3 m. Uchida et al. (2000) detected the UIB features at 6. 2, 7.7, 8.7, 11.3, and 12 .7 m at an offset of 100 00 from vdb 133.
DISCUSSION
Li & Draine (2002) have suggested that UV photons are not required to excite UIB emission. The T eff of the exciting star will determine how much UV radiation is produced. But the T eff does not take into account the dilution effect of the distance of the dust from the star. A more useful parameter is the UV radiation field experienced by the dust at some distance from the star. We estimated the UV radiation fields for the 27 objects in our sample by integrating Kurucz (1992) stellar atmospheric models from 91-240 nm and then multiplying by a dilution factor of (R * /d) 2 , where R Ã is the stellar radius and d is the distance from the star at which the UV radiation field is being estimated. A UV cutoff of 240 nm was chosen to make a conservative estimate of photons available for the excitation of the 3.3 m UIB feature, as the UV-absorption spectrum for potential carriers such as PAHs is as yet unknown. The UV radiation field 15 00 north and south of each star, corresponding to the slit length available on SpeX, is expressed as G 0 . This is the local interstellar radiation field as determined by Habing (1968) , in units of 1.6 ; 10 À3 erg À1 cm À2 (Dartois & d'Hendecourt 1997; Uchida et al. 2000) . The estimated values of G 0 for each object are listed in Table 2 . The G 0 value of 2700 estimated for HD 195593 (A+B) at an offset of 15 00 , is consistent with the G 0 value from Uchida et al. (2000) of 75 for an offset of 100 00 from the star. Li & Draine (2002) estimate a G 0 value of %1215 ''at the nebula,'' using the linear combination of the Kurucz (1979) model atmospheres integrated for each star (A and B) between 91.2-1000 nm. Figure 3 plots the estimated UV radiation field versus effective temperature of the exciting stars for our sample with detections of the 3.3 m feature marked. Clearly, no correlation exists between the strength of the UV radiation field (G 0 ) and the detection of the 3.3 m emission feature in the observed sample (ours and those of Meeus et al.) . The calculation of G 0 assumes that the dust is situated at a distance from the exciting star corresponding to 15 00 projected on the plane of the sky. Since matter around the stars is in many cases distributed out to 15 00 (the available SpeX slit length), this represents the minimum value for G 0 impinging on the dust. Table 2 includes the IRAS total surface brightness of the sky surrounding a target in a 0
.5 beam at 100 m, a value above 30 MJy sr À1 indicating dust with appreciable column density. As can be seen from the table, all but five of the stars for which measurements were available have surface brightnesses larger than 30 MJy sr À1 . The interesting exception is that for HD 34700, one of the three positive 3.3 m emission detections in our original sample, which has a measurement of 28 MJy sr À1 .
Since all the stars with detections in our sample have disks, the emission is likely to be mostly from dust in a circumstellar disk much closer to the star than 15 00 . 4 This circumstellar disk dust will have similar dilution factors from star to star, so T eff can be used to estimate the relative strength of the UV radiation field. But it can be seen from Figure 3 that T eff is no better correlated with the presence of the 3.3 m feature than with G 0 . So neither T eff nor G 0 can be used to predict whether PAH emission will be seen along a particular sight line. One clue may come from the fact that five of the six stars that show PAH emission in the Meeus sample also have IR excesses indicating the presence of warm dust. So geometry may be important. Portions of the disk that are warm will probably correspond to photodissociation regions that are receiving photons from the star. So we may be viewing these disks more pole-on. In contrast, thick disks viewed edge-on will be less likely to show an IR excess or PAH emission, because we are seeing only cold dust that is not being illuminated by any stellar photons. Flared disks tend to have UIBs whereas nonflared disks have weak to no UIB detections (Meeus et al. 2001) . Perhaps the flaring of these disks increases the viewing angle where warm dust can be seen.
Since cool stars with small UV radiation fields such as HD 34700 show 3.3 m emission, and the trend in Figure 3 supports the prediction of the astronomical PAH model of Li & Draine (2002) that the 3.3 m UIB should be observable in UV-weak objects. But Figure 3 also shows that relatively hot stars with high UV radiation fields do not show any such emission. So our results suggest that the strength of the UV radiation field impinging on the dust is not the only or even the most important factor in determining whether the 3.3 m UIB is present in a dusty astrophysical object. In addition to simple disk-viewing angle considerations, electron density variations from star to star may be an important factor in whether the 3.3 m emission feature is observable in an object. However, a full spectrum of each star extending from 3.3 to 10 m is needed to solidly model the UIB features and estimate the electron density. It is also likely that the ionization state of the PAHs in each object will affect the observability of the 3.3 m emission feature. Laboratory studies (Allamandola et al. 1999) show the 3.3 m absorption feature to be very strong, relative to the features in the 6 to 10 m region, for a mixture of neutral PAHs, and to be much weaker with respect to features in the 6 to 10 m for the same mixture of PAHs in their positive state. We conclude that the task of determining the role of the impinging radiation field on the observability and variations in the 3.3 m emission feature in our targets would be furthered by spectra from the same stars covering the 6-10 m region.
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